Measurements of cloud radiative forcing in polar regions are less reliable than at lower latitudes because of the difficulty in distinguishing between clouds and ice-or snow-covered surfaces. Scene identification can, however, be improved by using multispectral narrow-band radiances. Comparisons were made between scenes identified by the Earth Radiation Budget Experiment (ERBE) algorithm and those deduced from Advanced Very High Resolution Radiometer (AVHRR) radiances in the Arctic for 4 days in July 1985. It was found that they differ significantly from each other both in geotype and in cloud cover. For instance, regions of clear fractional sea ice according to the AVHRR analysis are assigned as being cloudy over open ocean by the ERBE analysis owing to incorrect specification of the sea ice extent. Zonal averages over 2.5 ø wide bands, of fluxes over clear and cloudy regions and hence also cloud forcing, are determined over the Arctic using radiances measured by the AVHRR on NOAA 9 to identify the nature of the scene and the ERBE radiometer to provide broadband radiances. Results are compared with fluxes and cloud forcing determined solely from ERBE radiometer data. Over the southern portion of the domain, where fractional sea ice was prevalent, the ERBE-based values of net cloud forcing were as much as 50 W m '2 smaller than values determined when the scene identification was based on AVHRR measurements. At higher latitudes the ERBE-estimated cloud forcing was larger than that from the AVHRR, and the magnitude of the difference was smaller.
INTRODUCTION
Understanding the influence of clouds on the Earth's radiation budget is essential to understanding the Earth's climate. Clouds influence the radiative heating of an atmospheric column by decreasing the loss of longwave radiation to space and by increasing the reflectivity of the column to shortwave radiation. The difference in the radiative heating of a column of cloudy air and a column of clear air is referred to as cloud radiative forcing. Correctly obtaining the values of cloud forcing is a major challenge to climate modelers, since the computed values are sensitive to the treatment of the influence of clouds on solar and terrestrial radiation. While theoretical studies based on the results of simulations with global climate models have suggested some general features of the cloud forcing distribution [Charlock and Ramanathan, 1985; Hartmann et al., 1986; Cess and Potter, 1987] , they need verification by observational results, as has been done recently by Kiehl and Ramanathan [1990] .
Cloud forcing depends not only on the cloud properties such as cloud type, cloud amount etc. but also on the clear-sk 3, surface properties. One of the critical factors in observational cloud-forcing studies is the determination of whether a measurement corresponds to clear or cloudy skies. Identification of the nature of the scene is also important in converting the measured radiance to exitance. With the use of a scanning radiometer that measures radiance in one direction over a small viewing area, more detailed features of the spatial variation of the radiation budget can be revealed than those derived from measurements made by wide-angle nonscanning radiometers. Detailed Copyright 1991 by the American Geophysical Union.
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0148-0227/91/91JD-00529505.00 knowledge of the nature of the scene will allow the use of an appropriate bidirectional function or angular dependence model (ADM) to account •'or the anisotropy of the reflected shortwave or emitted longwave radiation at the top of the atmosphere. The shortwave ADM is generally a scene-dependent function of the geometric parameters, namely, solar zenith angle, viewing zenith angle and relative azimuth angle. The nature of the scene includes two aspects: geographic surface type (ocean, land, snow, or ice, etc.) and cloud conditions (cloud cover, cloud optical thickness, and cloud three-dimensional geometry). Scene identification is thus the first important step toward the determination of the influence of clouds on the radiation budget.
The Earth Radiation Budget Experiment (ERBE) with its broadband (0.2 -5.0 ttm and 5.0 -50 ttm) scanning radiometers aboard NOAA polar-orbiting satellites and the Earth Radiation Budget Satellite (ERBS), is providing a comprehensive data set to address observationally the problem of cloud forcing. Preliminary results from ERBE have provided a much better picture of the effect of clouds on the atmosphereearth system than was previously available [Ramanathan et al., 1989 ]. However, in many of the studies that used the ERBE data it was noted that considerable uncertainties exist in the measurements of cloud forcing over the Arctic or Antarctic regions and even the sign of the cloud forcing could be wrong [Ramanathan et al., 1989] . The main reason for this is that distinguishing between clear and cloudy scenes only on the basis of the broadband shortwave and longwave measurements over the bright ice-and snow-covered region is unreliable. Although polar cloud forcing contributes very little to the global mean cloud forcing owing to the relatively small area of the polar regions, it does play an important role in the formation of the Arctic climate. Moreover, polar climate change is of special importance in the diagnosis of the Earth's climate change, since models predict a relatively large response in the polar regions to increased concentrations of greenhouse gases.
Measurements of multichannel narrowband radiances from 9175 the Advanced Very High Resolution Radiometer (AVHRR) Green [1989] showed that the MLEsubstantially improves cloud provide alternative methods of scene identification that are detection over the clear/cloud threshold used in the inversion of particularly useful at high latitudes [Ebert, 1989 ; Key and Barry, Nimbus 3 and Nimbus 7 ERB scanner data. It was, however, 1989; Key, 1990 ; N. Sakellariou, H.G. Leighton, and Z. Li, pointed out that the MLE-derived cloud cover should be Identification of clear and cloudy pixels at high latitudes from interpreted with caution, since it best approximates the true AVHRR radiances, submitted to the International Journal of cloud cover for "average" cloud heights and optical depths. This Remote Sensing, 1990]. Simultaneous and collocated observations made by the ERBE radiometers and the AVHRR aboard the same spacecraft, NOAA 9, allow insight into the reliability of the cloud forcing derived exclusively from the ERBE data through comparisons of the cloud forcing derived from ERBE radiance measurements with AVHRR-based scene identification.
Section 2 illustrates the problems encountered by the ERBE scene identification algorithm in the polar regions in summer and the potential of the multichannel AVHRR data. A new scene identification algorithm based on AVHRR data is formulated in section 3. Section 4 compares the ERBE scenes and AVHRR scenes in two aspects, geotype and cloud condition. The effect of scene misidentification on Arctic cloud forcing is investigated using the data from four days in July 1985 in section 5. Concluding remarks are made in section 6. In the Arctic, in addition to the small reflectivity contrast between cloud and surface due to the presence of snow and ice, the thermal contrast is also quite small owing to the frequent occurrence of temperature inversions or isothermal profiles.
Therefore methods based on broadband radiance measurements such as MLE often may not correctly identify clouds. Even more importantly, geotype should not be treated as a static process in the polar summer melt season owing to the considerable temporal variability of the sea ice [Grenfell and Maykut, 1977; Comiso and Zwally, 1984] .
The location of the ice/snow boundary prescribed for use in the ERBE scene identification algorithm may differ markedly from the observed boundary, as shown in Figure 1 . Figure 1 shows the observed free-ice edge and the solid-ice boundary in the Arctic for the week of July 9, 1985, as given on the ice map for this period produced by the U.S. Navy/NOAA Joint Ice Center. Also drawn in Figure 1 is the prescribed ERBE ice/snow boundary, which is to the north of the observed solid-ice boundary over much of the region. The AVHRR radiometer is a multichannel detector sensitive yet their emittance for terrestrial radiation is lower than in to the following wavelength ranges: 0.58-0.68 ttm, 0.72-1.10 channels 4 and 5 [Raschke, 1988] . Ice clouds are more difficult ttm, 3.55-3.93 gm, 10.3-11.3 ttm, and 11.5-12.5 ttm, designated to detect unless they are situated so high that they are readily as channels 1 -5, respectively. Reflectivities in channels 1 and 2, differentiated from the surface by one of the thermal channels. denoted by R• and R2, and brightness temperature in channels Ruffand Gruber [1983] zenith angles less than 82 ø. At larger zenith angles over the To gain an impression of the potential of the reflectances in ocean, both R z and Rz-R • can be large, and hence thin cloud channels 1 and 2 to discriminate between surface types under over the ocean and over land may be indistinguishable. One thin clouds, Figure 3a shows a plot of Rz-R• against R z for pixels further complication is the possibility that pixels in region 2 are, in a scene of 150 by 2500 km (34 x 408 pixels} extending across in fact, land partially covered by snow. To allow for this when the satellite track from northeast to southwest and crossing the making the scene identification for an ERBE pixel from the Siberian coast near the southwestern extremity of the scene. The AVHRR data, the ERBE geotype is referred to in order to northern portion of the region contains solid ice, a portion of verify that the pixel is not land before it is classified as being and if more than 95% are cloudy, the ERBE pixel is classified as being overcast. The performance of the ERBE scene identification algorithm can be assessed by comparing it with the scene types deduced from AVHRR data. While the AVHRR-based scene types are not free from error, one can expect them to be more reliable than the ERBE-based scene types and hence to provide an useful measure of the performance of the ERBE algorithm. For the purpose of clarity, in the discussion that follows the The nature of the surface is specified as belonging to one of AVHRR results are implicitly taken to be correct, although it is, six classes: land, ocean, ice/snow, and combinations of any two of the three pure surface types. The classification is based on the amounts of the two most abundant surface types found to be present in a particular ERBE pixel. If the most abundant surface type covers more than 95% of the surface, only that single surface type is taken to be present. If thick cloud covers less than 25% of the ERBE pixel, the classification of the surface of the ERBE pixel is only dependent on the AVHRR pixels that The fact that the first two diagonal elements of p• are both close to 100% implies that almost all of the ocean and land geotypes are correctly prescribed by ERBE. The reverse, that pixels specified by ERBE as being ocean and land actually correspond to those geotypes, is not necessarily true. In fact, from P2 it is seen that for only 46% of the pixels is the ERBE prescription of ocean correct. In the case of land, only 68% are correctly prescribed, but a further 18% are a mixture of land and snow according to the AVHRR algorithm. For the ice/snow geotypes the situation is opposite to that for ocean and land. Only 52% of the ice/snow pixels are correctly prescribed by ERBE, with most of the misidentified pixels being specified as ocean. On the other hand, of those pixels identified as being ice by ERBE, 81% are correct and a further 13% are a mixture of ice and ocean. These discrepancies can be understood as resulting from the prescribed ice edge for the ERBE geotype specification being too far north, as described earlier. The matrix p demonstrates that the discrepancies are significant in that, for example, pixels misclassified by ERBE as being ocean when they are really ice/snow account for 10% of all the pixels analyzed.
Clouds
Probability matrices P• and Pz similar to those for surface type can be defined to compare the AVHRR and ERBE retrievals in the identification of clear pixels. From matrix 2 it is seen that the fraction of the pixels that are identified as being clear by 1.9 ERBE that are really cloud contaminated according to the 88.5 AVHRR varies from 58% (100%-42%) over land-ocean to 14% 2.3 (100%-86%) over land.
7.3
The diagonal elements of the joint probability matrices give the joint probabilities of a particular sky condition being identified by both the ERBE and AVHRR algorithms. The off-0.4 diagonal elements give the joint probability of a particular type Table 2 . Only observations for which the AVHRR and ERBE geotypes agree are included in the probability matrices. The matrices P• and P2 are equivalent topl and Pz, respectively, in that diagonal elements of Pa give the fraction of the pixels with a particular cloud condition that are correctly identified by the ERBE algorithm, whereas the diagonal elements of Pz give the probability that a cloud condition identified by ERBE is correct. Pixels for which both the AVHRR and ERBE geotypes are ocean that are In P• these elements give the fraction of pixels in a particular cloud class that are correctly classified by ERBE. Elements are extracted from matrices computed for each of the four geotypes separately and for all geotypes taken together. In 
EFFECT OF SCENE MISIDENTIFICATION ON CLOUD

FORCING
The errors in the ERBE scene identification discussed above
The accuracy, A, gives the probability that ERBE correctly may lead to significant errors in the determination of cloud identifies the cloud class, and E depends on the frequency forcing in the Arctic. Incorrect scene identification will lead to distribution of the four cloud classes. If S=0, the ERBE the use of the wrong angular dependence models to convert the algorithm performs no better than a random selection con-radiances to irradiances, and incorrectly distinguishing between strained to have the same frequency distribution of cloud classes clear and cloudy scenes will directly result in errors in the as the actual distribution, while S= 1 implies perfect correspon-determination of cloud forcing. In this section the AVHRR alerice between ERBE and AVHRR results. The parameters P scene identification is used to select the appropriate ADM to and S evaluate different aspects of the ERBE cloud class-derive fluxes from the ERBE-measured radiances and to ification, S emphasizing the frequency of correct identification identify clear scenes. The cloud forcing is then computed and and P taking into account the degree of misidentification, and so compared with values determined exclusively from ERBE the ranking of performance according to P and S is not neces-measurements. Only 4 days of AVHRR data, namely July 1, 10, sarily the same. 19 and 29, 1985, were used. Therefore results should not be interpreted in any climatological sense, but only used to give an indication of the reliability of the cloud-forcing determination in the Arctic based solely on ERBE data.
Daily Mean Fluxes
Because 
The fluxes for the 4 days were grouped into nine latitude belts, each 2.5 ø wide, starting at 67. The southern region, where the net cloud forcing determined from the AVHRR data is larger than that from the ERBE data, dominates the cloud forcing for the whole domain. This leads to a domain mean net cloud forcing based on AVHRR scenes that is 33 W m 'z larger than that based on ERBE scenes. The components of cloud forcing from the AVHRR and ERBE data are compared for the whole domain in Table 3 .
From the AVHRR data the average cloud forcing over the whole domain can be determined for each geotype (Table 4) . As expected, shortwave cloud forcing over land and ocean have the largest magnitudes, and over ice the magnitude is smallest. The largest longwave forcing is over land, where temperatures are warmest, and the smallest forcing is over ice. The net cloud forcing is negative for all geotypes.
The standard deviations of the mean zonal fluxes Sclr, Scld, Eclr, and Ecld, as well as net cloud forcing calculated from the standard deviations of the fluxes from pixels of the same geotype, cloud cover, and solar zenith angle are small, being always less than 5.5 W m 'z. These values, however, do not account for the uncertainties resulting from misidentification of geotype, cloud cover, and the angular dependence models.
CONCLUSIONS
Cloud radiative forcing is a useful way of quantifying the effect of clouds on the Earth's radiation budget. To determine the cloud forcing, correct scene identification is required in order to use the appropriate ADM to convert measured radiance to irradiance, and to distinguish between clear and cloud-contaminated pixels. Scene identification is a particular Two sets of fluxes are derived from the ERBE-measured radiances: one from bidirectional models selected according to the AVHRR-determined scene types and the other according to ERBE scene types. Longwave cloud forcing determined from the two sets of fluxes and scene types is similar, but differences in the clear-sky fluxes produce appreciable differences in the shortwave cloud forcing. The magnitude of the negative shortwave cloud forcing based on the ERBE scene identification is overestimated over most of the Arctic, with the largest differences about 50 W m '2 occurring in the area between 73 ø and 82øN, where fractional sea-ice has the most influence. Further north, where the surface is predominantly ice-covered, the magnitude of the cloud forcing obtained from ERBE is smaller than that from the AVHRR owing to the difficulty in identifying clouds over the high-reflectivity, cold background. The magnitude of the difference is about one half that in the southern portion of the Arctic, and the area is substantially smaller, so that the southern region dominates the average cloud forcing over the whole region. Although the magnitudes of the differences in cloud forcing deduced from the two scene identification approaches are characteristic of the particular meteorological and surface conditions present on the 4 days studied, the present results do point out the potentially large errors that may result from the determination of cloud forcing at high latitudes from ERBE data.
